We present the results of ASCA observations of the Seyfert galaxy Mkn 463. We nd that the 1{10 keV X-ray spectrum consists of at least two components: soft and hard. We found no evidence for a strong Fe-K uorescent line (equivalent width <670 eV). The soft component dominates below 4 keV and has a steep slope; the 0.2{4 keV ux is consistent with that determined from Einstein observations. It would appear that this soft X-ray emission comes from a distinct thermal component. The hard component, which has been detected for the rst time by ASCA, is found only above 4 keV with an apparent at spectral slope. We argue that most of these hard X-rays are likely coming directly from the nucleus of Mkn 463E, suering a heavy absorption along our line of sight. For an assumed typical photon index of 1.7, the absorption column and intrinsic luminosity are estimated to be (2:5 6 0:5) 2 10 23 H cm 02 and 1 2 10 43 erg s 01 . This hard X-ray luminosity is much less than that expected on the basis of Mkn 463E's optical and infrared properties.
Introduction
Mkn 463 is a distorted pair of interacting galaxies with a redshift of 0.0506 (Wills et al. 1977) , containing two nuclei separated by about 4 arcsec on an east{west line.
The western nucleus (Mkn 463W) has a stellar continuum and narrow emission lines with FWHM of about 500 km s 01 (Wills et al. 1977; Hutchings, Ne 1989; Blanco 1991) . Shuder and Osterbrock (1981) classied Mkn 463W as a Seyfert 2 by using the line ux ratio of [Oiii] 5007 A/H. However, Wills et al. (1977) and Hutchings and Ne (1989) pointed out that the observed [Oiii]/H ratio is outside the typical range for Seyferts.
The eastern nucleus (Mkn 463E) shows a Type 2 Seyfert spectrum with emission line proles having extended blue wings (Wills et al. 1977; Shuder, Osterbrock 1981; Hutchings, Ne 1989) . Some well known indicators which support the presence of an obscured Seyfert 1 nucleus, as predicted by the unied model of Seyfert galaxies, have been found in Mkn 463E. Miller and Goodrich (1990) and Tran (1995) have detected broad Balmer lines in the polarized visible spectrum of Mkn 463E, and conclude that the light from a hidden Seyfert 1 is being scattered by electrons and/or dust into our line of sight. Mkn 463 also exhibits diuse [Oiii] 5007 A emission extending about 20 arcsec north and south of the nuclei, roughly perpendicular to the position angle of the polarization of broad Balmer lines (Hutchings, Ne 1989) . The [Oiii] emission is considered to be related to radio activity in Mkn 463E (Hutchings, Ne 1989; Uomoto et al. 1993) . Blanco (1991) found Seyfert 1-like features in the near-infrared band of Mkn 463E spectrum. Although Ginga observations of Mkn 463 gave only an upper limit of L(2-10keV)< 4 2 10 43 erg s 01 (Awaki 1991), Mkn 463 has been detected at lower X-ray energies by the Einstein and ROSAT satellites; the Einstein observation of Mkn 463 gave a soft X-ray ux (0.2-4 keV) of 2210 013 erg cm 02 s 01 (Kruper et al. 1990 ). The ROSAT ux (0.2{ 4 keV) is also 2 2 10 013 erg cm 02 s 01 (Blanco et al., in preparation) .
From the far-infrared luminosity measured by IRAS, Mkn 463 was included in a sample of warm (f 25m =f 60m > 0:2) ultraluminous (L(bol) 10 12 L ) galaxies by Sanders et al. (1988) . These authors proposed that Mkn 463 is in the transition stage between cool ultraluminous IRAS galaxies and optical quasars. To date, only a few ultraluminous IRAS galaxies have been detected in the X-rays. We therefore observed Mkn 463 with ASCA to compare the X-ray spectrum of this interacting galaxy with normal Seyfert galaxies and investigate the spectral evolution hypothesis.
Throughout this paper we adopt a Hubble constant The criteria for the source detection are 1) the probability that the excess in each cell is due to a background uctuation is less than 10 04 , and 2) the signal-to-noise ratio is larger than 3. Source A, B, and C have X-ray peaks in the Einstein IPC image obtained in 1979 January 24 (Harris et al. 1990 ). Source A, B, and D have peaks in the ROSAT PSPC image obtained in 1992 Jan 15.
y Dierence in position between two energy bands is within the uncertainty for GIS. z Observed counts are corrected for vignetting eects and for the fraction of the source counts that fall outside the box where the net counts are estimated.
x 3 upper limits evaluated at the soft-band positions.
H 0 = 50 km s 01 Mpc 01 .
2.
Observations and Data reduction
The ASCA observations of Mkn 463 were performed on 1994 January 31 with the two Solid-state Imaging Spectrometers (SIS0 and SIS1) and the two Gas Imaging Spectrometers (GIS2 and GIS3). A summary of the ASCA mission and focal-plane detectors is found in Tanaka et al. (1994) .
We rejected data obtained under high background environments, retaining only those portions of the data which satised the following selection criteria: 1) the elevation angle from the Earth edge was greater than 15 degrees, 2) the cut-o rigidity was higher than 6 GeV/c, and 3) the satellite was outside the South Atlantic Anomaly region. After this data selection, the remaining eective exposure time was about 36 ks.
Analysis and Results
Mkn 463 is the brightest source in the GIS and SIS elds of view. The broad-band GIS image (with a eld of view of about 25 arcmin in radius) contains four obvious sources in addition to Mkn 463 (table 1). However in the (hard) 4{10 keV band image, only Mkn 463 is visible.
We extracted X-ray spectra for each detector from a circular region centered on Mkn 463. The extraction radii were 3 arcmin for GIS2 and GIS3, 3.4 arcmin for SIS0, and 2.7 arcmin for SIS1 (the radii for two SISs were limited by the gaps between the mosaiced CCD chips). We also extracted background spectra from o-source regions in the same eld of view. From these we produced combined SIS (SIS0+SIS1) and GIS (GIS2+GIS3) spectra.
Both of these combined spectra were then binned so that each energy bin contained at least 40 counts before background subtraction. For the spectral analysis presented below, we tted these two combined spectra simultaneously.
We attempted to t the data with single-component models modied by absorption in cold gas of solar abundances (Morrison, McCammon 1983 ): a power-law, and a single-temperature Raymond-Smith (RS) plasma with variable abundances (Raymond, Smith 1977) . Both of these single-component models were rejected with reduced 2 > 2.8 for 41 of degree of freedom (dof). The best t photon index was 0.960.1 for the power law model, and the best-t RS temperature is > 60 keV (hereafter errors are given at 90% condence level). Finding no evidence from these ts for local absorption (N H < 3:5 2 10 20 cm 02 ), we xed the absorption to the Galactic value corresponding to N H of 2.09210 20 cm 02 (Kruper et al. 1990 ). In gure 1, the best-t function of a single power law model and residuals from the data are shown. In the residuals, we nd broad features at both the low-and high-energy ends; hence we examined twocomponent models.
We therefore tted the spectra with two power-law components plus the Galactic absorption (Double powerlaw model in table 2). This model is only marginally consistent with the data; the best-t reduced 2 = 1.7 for 40 dof. The soft band (<3 keV) of the spectrum is best tted by a power law of the photon index of 3:260:5, and the hard band by a photon index of 00:36 0:4. The soft band was equally tted with thermal models; replacing the soft-band power law with an RS model, for example, gave a best-t kT = 0:56 6 0:14 keV with abundance < 0.3 solar, while the hard-band power law index remained essentially unchanged. Thus regardless of the origin of the soft component, an extremely at, hard continuum was required. The unusual atness of this hard component, together with the marginal value of reduced 2 , led us to examine other possibilities for the hard X-ray component, such as a heavily absorbed power law model and a reection model (Lightman, White 1988) . In these models, the apparent slope in the hard X-ray band may be attened due to photo-absorption in cold material. First we tried to t the hard portion with the reection model (Reected model in table 2). As described in Lightman and White (1988) , a photons hitting cold matter are reprocessed by photoelectric absorption and Compton down-scattering, into reected emission with a atter spectral shape than the incident spectrum. For realistic geometries, the direct power-law and the reection components should be mixed together. However, we examined rst the extreme case of a pure reected component. The other extreme, which we examine later, is the heavy-absorbed power-law model, where only the direct component is included. We have xed the solid angle sustained by the reecting disk to 2 steradian, and the inclination angle of the disk to zero. Additional Galactic absorption was applied to these model spectra. The reection model gave the photon index of incident spectrum of 1:8 6 0:4 with the best-t reduced 2 of 1.5 for 40 dof. In this case, the best-t photon index for the soft component was derived to be 3:0 6 0:4. Next, we tried the heavily absorbed power law model (Heavily absorbed model in table 2), adding a new parameter N H for the absorption of the hard component. The best-t N H and photon index were found to be (1:6 6 0:8) 2 10 23 cm 02 and 1:4 60:9 respectively, with a reduced 2 of 1.5 for 39 dof. Since the tted N H and photon index are coupled to each other, we show condence contours of these two parameters in gure 2. Fixing the photon index to be 1.7 (a typical value for Seyfert galaxies), the corresponding best-t N H is (1:8 6 0:4) 2 10 23 cm 02 , with a reduced 2 of 1.5 for 40 dof. The best-t parameters of the soft component did not change within the errors. The resulting spectral model is shown in gure 3.
Our ASCA observations place limits on the presence of the 6.4 keV Fe K emission line, which has been observed in many AGN. At the redshifted energy of 6.1 keV we found upper limits to the equivalent width of 580 eV for the reected model and 670 eV for the absorbed powerlaw model at the 90% condence level. We also searched for evidence for X-ray variability in the SIS0, the SIS1, the GIS2, and the GIS3 data. We constructed X-ray light curves for the 0.5{4 keV and the 4{10 keV bands with a bin size of 256 s and applied the 2 test to the hypothesis of constant uxes. The reduced 2 values were found to be equal to or less than about one (each for about 100 dof) for the soft and hard bands of all detectors. Thus no signicant time variability was found over time scales of 10 3 s to 10 hr. The soft component can be reproduced by either power-law or by thermal models showing no signicant line features. While a more detailed analysis of this component will be made in a future paper incorporating ROSAT data, we note here that (i) the ROSAT source is coincident with Mkn 463E, and (ii) we see no evidence of variability around 1 keV between the observations by Einstein (1979 Jan 24: Kruper et al. 1990) , ROSAT (1992 Jan 15) and the ASCA observations presented here.
Given the correspondence with Mkn 463(E) and the existence of scattered broad line emission (Miller, Goodrich 1990) , we examined the possibility that the X-ray soft component is also scattered light from Mkn 463E. The luminosity can be explained by the scattering of about 5% of the hard component, with the assumption that the intrinsic photon index of the hard component extends to 0.5 keV. Constraining the hard-and soft-component slopes to be equal gave a best t N H of (2:7 6 0:5) 2 10 23 H cm 02 for the hard component, and a photon index of 2:6 60:2 with a reduced 2 of 1.6 for 39 dof. Since the t is poor and the best-t spectral slope is rather steep for Seyfert galaxies, we prefer the alternative possibility that the X-ray soft component has a separate, probably thermal origin.
Hard Component
The two nuclei (Mkn 463E and Mkn 463W) cannot be resolved in the ASCA images; their 4-arcsec separation is smaller than the ASCA's spatial resolution and the accuracy of positional determination of 1 arcmin. However, the ionizing luminosities of the 2 nuclei are vastly dierent as judged from their optical spectra. On the basis of [Oiii] 5007 A line strengths, for instance, Mkn 463E is brighter by a factor of about 20 (Tull et al. 1979; Uomoto et al. 1993 ). Thus we identify Mkn 463E as the origin of the hard X-ray ux.
Modelling the hard component with a simple power law, we found that this component has an extremely at slope with a photon index of about 00:3. Since the at slope cannot be explained by the intrinsic spectrum of any known X-ray sources, we suspect that this hard component is due to photoelectric absorption of an intrinsically steeper spectrum. From the reduced 2 values of our continuum ts we cannot judge whether the reection model or absorbed model is more realistic for the origin of the hard component. Nevertheless, we can estimate the contribution of the reection model using the equivalent width of the iron line, since an X-ray spectrum reected or scattered by cold material is expected to produce a high equivalent width (2 keV) uorescent iron K-line, as seen in NGC1068 (Koyama et al. 1989; Marshall et al. 1993; Ueno et al. 1994) . On the other hand, a direct X-ray spectrum transmitted through a column N H of 1:6 2 10 23 H cm 02 would produce an equivalent width of about 200 eV (Inoue 1985) . Thus if we reasonably assume that the iron abundance is comparable to solar in Mkn 463E, the upper limit for the uorescent Fe K line (<670 eV) implies that the absorbed power-law contributes at least 70% of the hard component ux.
The tted X-ray absorption of this hard component corresponds to a dust extinction of A V '90 mag for a
Galactic dust-to-gas ratio. This is far higher than estimates of the dust extinction, for instance the 9.7 m silicate feature measured by Roche et al. (1991) implies A V '7 mag. The discrepancy is easily explained either by the dierent extents of the infrared and X-ray emitting regions, or by a large column of dust-free gas along the line-of-sight to the X-ray source.
From the best-t N H for the photon index of 1.7 assumed above, we therefore derive an intrinsic 2{10 keV luminosity L X for the hard power law source to be 1 2 10 43 erg s 01 , very close to the upper limit obtained with the Ginga satellite (Awaki 1991) . Well-established correlations exist for unobscured Seyfert 1 galaxies between their 2{10 keV luminosity and their broad-line, [Oiii] and far-infrared luminosities. For Mkn 463E, all these indicators predict a much higher hard X-ray luminosity that we report here. We consider the far-infrared emission of Mkn 463, which is due mostly to Mkn 463E (Roche et al. 1991) . Using the correlation presented by Ward et al. (1988) (Shuder, Osterbrock 1981; Mazzarella, Boroson 1993) implies comparable values of L X if Mkn 463E is a typical Seyfert 1 (Mulchaey et al. 1994) . Finally, broad line emission from Mkn 463E has been detected in the near-infrared by Blanco (1991) and Goodrich et al. (1994) ; these broad infrared lines may either be transmitted from the BLR, or reected by a scattering region obscured by A V '5 mag. In either case, using Mkn 463E's broad (Ward et al. 1988 ).
It appears therefore, that at least at the current epoch, Mkn 463E is underluminous in X-rays compared to our expectations for typical Seyfert galaxies. If we are seeing only a fraction of Mkn 463E's true hard X-ray luminosity, the source must be highly anisotropic. Alternatively, by analogy with NGC1068 it may be completely obscured; however for this latter case have already argued against an origin of the observed hard component in an electronscattered AGN continuum (due to the high N H and lack of Fe K emission). While more sensitive observations of Mkn 463, extending to higher energy, are needed to determine N H and the intrinsic shape of the hard component independently, the ASCA observations presented here have demonstrated that Mkn 463E does not conform to the simplest interpretation of the unied scheme for Seyfert galaxies, despite the persuasive evidence gathered from lower energies. If similar objects to Mkn 463 share its property of X-ray quietness (cf. Rieke 1988) , an extension of the unied model of Seyfert galaxies may be required to incorporate such a new class of AGN.
5. Summary 1. The ASCA spectra of Mkn 463 require at least two components: soft and hard. No evidence was found for a strong uorescent iron K line (EW<670 eV). 2. The soft component can either be explained by a nonthermal (photon index=2.7) or a thermal continuum (kT = 1 keV), with no evidence for long-term variability. We suggest that the steep spectral slope makes it unlikely that this soft component is due to electron scattering of an intrinsic AGN continuum. 3. The hard component has extremely at slope. This is interpreted to be due to heavy absorption and/or reection of an intrinsic Seyfert 1 continuum. From the limits on iron equivalent width, we suggest that more than 70% of these X-rays are due to the heavily absorbed transmitted component. For a typical photon index of 1.7, the intrinsic N H and luminosity of this continuum are respectively estimated to be
